In this paper we define new homotopy groups for topological spaces. These groups generalize the homotopy groups of Hurewicz. By the use of these groups and by improved methods we obtain new results about the ordinary homotopy groups, and also easier proofs of known results. Among other things, we can show that 76(S3) is non-trivial.
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1. One of the principal problems of modern topology is to devise methods for computing the homotopy groups of a space. The homotopy groups of even such simple spaces as spheres have not been computed except in special cases. This contrasts strongly with the situation for the homology groups, which can be computed for any triangulable space. The homotopy groups resemble homology groups in all basic properties except one: the homology groups are invariant under an excision,' while this is not generally true for the homotopy groups. More precisely, if a space is a union A u B of two subspaces, then under fairly general conditions the inclusion map i: (A, A n B) -* (A u B, B) (called an excision) induces isomorphisms of the corresponding relative homology groups, in all dimensions, but will not generally do so for the relative homotopy groups. This is perhaps the chief reason for the difficulty of computing the homotopy groups. The new homotopy groups defined in this paper are a measure of the deviation from invariance under excision for the relative homotopy groups. We shall use the following notation for certain subsets of cartesian nspace, Cn. The coordinates of a point x e C" are denoted by (xi, ..., n), A', B', xo'). The homotopy groups of triads have many properties which are the analogs of familiar properties of the homotopy groups of spaces or pairs of spaces. We now list some of these properties:
(a) 7rn(X; A, B, xo) is abelian for n > 3; simple examples show that it need not be so for n = 3.
(b) The system of 'groups 7rn(X; A, B, x) for x e A n B forms a local system of groups3 in the space A n B in the usual sense, and 7ri(A n B, xo) is a group of operators on 7rn(X; A, B, xo). 3. A topological space X is said to be n-connected (n > 0) if it is arcwise connected and 7rp(X) = 0 for 1 < p. < n. A pair (X, A) is said to be nconnected (n > 1) if both X and A are arcwise connected, the natural homomorphism 7ri(A) --w7(X) is a homomorphism onto, and r,,(X, A) = O, VOL. 85, ig49 MA EtIEMA TICS: BLAKERS AND MASSEY Let (X*, X) be a pair, and i,&: (En, Sni) (X* , X), (n> 1), a continuous map which is a homeomorphism of (En -Sn-`) onto X* -X.
Let 8n = #(En), n8 = 8n n X = (S"-i). We say that the space X* is obtained from X by adjunction of the cell En. Note that (X*; X, E") is a triad, and En is 0-connected. THEOREM 2. If the pair (X, &n) is m-connected, m > 1, then the triad (X*; X, En) is (m + n -1)-connected. (In case m = 1, it is also necessary to assume that 7r2(X, in) is abelian; in case n = 2, it is necessary to assume that X is simple relative to g" in all dimensions.) THEOREM 3. If the space gn is m-connected, m > 1, then the boundary homomorphism a 7ri +i(X*; X, 8n) >r Tit(8n, 8n) is the zero homomorphism for 2 < i < m + n -1.
The proofs of theorems 2 and 3 are a.straightforward application of the theory of "obstructions'"4 to extensions and deformations of continuous mappings. By combining these theorems with. the exactness of the homotopy sequence of the triad (X*; X, 8n), important results are obtained as corollaries. Among these are the previously mentioned assertion that r,(Sn; E+, E n) = 0 forp <2n -1, and an essential generalization of a theorem of J. H. C. Whitehead5 about the homotopy groups of the pair (X*, X). S2n-2) is an infinite cyclic group. Denote this group by G.. Then we can prove THEOREM 5. The homomorphism 7r2n -1(S"; E', E'n)-+G, determined by the functional cup product is an isomorphism onto. Now consider the following portion of the homotopy sequence of the triad (SI; E+, En ):
n-2( s1) Z2n-J2(S,E)
Using the known properties ofe the functional cup product, additional information can be obtained about the homomorphisms j*, a, and i*. 44, 610-627 (1943) . 4 See Eilenberg, S., Ann. Math., 41, 231-251 (1940) , and Blakers, A. L., Bull. Am. Math. Soc. 54, abstract no. 413 (1948) . Also a forthcoming paper by Olum, P., in Ann. Math. entitled "Obstructions to Extensions and Homotopies." 
